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(54) Title of the Invention: A Biosensor and a Method of its Production 

(57) Abstract 

[Purpose] The purpose of the present invention is to provide a biosensor and its production process that 
makes it possible to measure a target substance in a solution within a short response time. 

[Constitution] An identification layer 7 holding a biosubstance can be formed in a fixed thickness with a 
wide area and little unevenness, because it is formed by accumulating in a partitioned space at the 
bottom of a measuring chamber 21. Since the unevenness of the thickness of the identification layer 7 can 
be reduced, it is possible to form a working electrode 5 and an opposite electrode 15 at a small interval by 
inserting an insulating layer 11 in between the working electrode 5 and the opposite electrode 15, 
maintaining a fixed interval between them and avoiding contacting the identification layer 7 with the 
opposite electrode 15. As a result, we can shorten an electric fine of the electric double formed between 
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working electrode 5 and the opposite electrode 15. Accordingly, it is possible to converge noise current 
within a short period that flows at the beginning of the measurement, which leads to shortening a 
measuring time of a target substance. 

Claims- 

1. A biosensor used to measure a target substance by measuring an electric variation caused by 
biochemical reaction between the target substance in a solution and a biosubstance, wherein said 
biosensor comprises an insulating substrate; an working electrode laminated on the insulating substrate," 
an identification layer holding said biosubstance and laminated on said working electrode; an insulating 
layer laminated on said insulating substrate (except for the identification layer); an opposite electrode 
laminated on the insulating layer to be used to measure an electric variation between the opposite 
electrode and said working electrode; and a measuring chamber formed in such a way that part of said 
insulating layer is removed so that said target solution can be stored and said identification layer and 
said opposite electrode can be immersed in the stored target solution. 

2. A method of producing a biosensor used for measuring a target substance by measuring an electric 
variation caused by biochemical reaction between the target substance in a solution and a biosubstance, 
wherein said method comprises a process to form an insulating substrate; a process to accumulate a 
working electrode on the insulating substrate; a process to form an insulating layer on the insulating 
substrate and the working electrode; a process to form an opposite electrode on the insulating layer in 
order to measure an electric variation between the opposite electrode and said working electrode," a 
process to form a measuring chamber by removing part of the insulating layer in such a way that said 
target solution can be stored and the working electrode can be exposed; and a process to accumulate an 
identification layer holding a biosubstance on the working electrode exposed in the measuring chamber. 

Detailed Explanation of the Invention-" 
[0001] 

[Industrial Field of Application] The present invention relates to a biosensor and its production method 
used for measuring a target substance in a solution by measuring an electric variation caused by 
biochemical reaction between the target substance and a biosubstance 

[0002] 

[Prior Art] As this type of biosensor, for example, a plate-type biosensor is well known as shown in 
published unexamined patent application No. S61-50262. As shown in figure 4, a plate-type biosensor 100 
comprises a ceramic substrate 101, a working electrode 103 and an opposite electrode 105 formed on the 
ceramic substrate 101, an insulating layer 108 to insulate the interval between said working electrode 
103 and opposite electrode 105, an identification layer 107 formed by applying gel material holding such a 
biosubstance as enzyme to said working electrode 103, and an electric measuring section (not shown in 
the figure) connected to the terminals 105 and 109 of said working electrode 103 and opposite electrode 
105 respectively for the measurement of current values between them, where a sensitivity station 113 is 
on the side of said identification layer 107. 

[0003] A solution can be measured using this biosensor 100 by immersing the sensitivity station 113 in 
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the solution. A biosubstance held on the identification layer 107 biochemically reacts with a target 
substance contained in the solution and generates oxygen or hydrogen peroxide. The target substance can 
be measured by measuring current generated by the redox reaction of such oxygen or hydrogen peroxide. 

[0004] 

[Problems that the Invention is to Solve] It is important to measure a target solution in as short a time as 
possible using such a biosensor 100. It is, however, difficult to measure a target substance in a short 
period using a traditional biosensor for the reasons as shown below. Figure 5 shows the relationship 
between current values and time when the above-said biosensor is used for measurement. In figure 5, the 
broken line, the alternate long and short dash line, and the continuous line show an initial current value 
A, an observed current value B, and a measured current value C, respectively. 

[0005] The initial current value A was observed when the working electrode 103 and the opposite 
electrode 105 were immersed in a buffer solution with no target substance contained. When the working 
electrode 103 and the opposite electrode 105, which are dry, are immersed in a buffer solution, an electric 
double is formed. The initial current flows in such a way as to eliminate the electric double. Time ti 
needed for converging the initial current is proportional to the interval between the working electrode 103 
and the opposite electrode 105. The observed current value B starts at the converged state of the initial 
current value A and flows triggered by biochemical reaction between a target substance and a 
biosubstance when the target substance is added to a buffer solution. In other words, the observed 
current value B is based on only biochemical reaction and converges to a fixed value when the reaction 
reaches saturation. The measured current value C is the sum value of the initial current value A and the 
observed current value B obtained by immersing the sensitivity station 113 of the biosensor in a target 
solution prepared by dissolving a target substance in a buffer solution. 

[0006] To measure, for example, glucose in urine using said biosensor 100, said measured current value C 
must be used. The measured current value C includes the initial current value A and is measured only 
after the initial current value A converges. In other words, the measured current value C is not 
measurable when the initial current value A is large (time to to time ti). It is possible to reduce ti, time 
necessary for the initial current value A to converge, by shortening an electric line of the electric double 
formed between the working electrode 103 and the opposite electrode 105. Reducing the interval between 
the working electrode 103 and the opposite electrode leads to shortening an electric line of the electric 
double. 

[0007] The identification layer 107 is formed on the abovementioned plate-type biosensor 100 by applying 
a sol substance holding a biosubstance to the working electrode 103. If the interval between the working 
electrode 103 and the opposite electrode 105 is reduced, the sol substance is applied not only to the 
working electrode 103 but also to the opposite electrode 105 to form the identification layer 107; and 
therefore current value is not measurable. 

[0008] The present invention is to solve the problems originated from the above-said prior art by 
providing a biosensor and its production process that makes it possible to measure a target substance in a 
solution within a short response time. 
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[0009] 

[Means of Solving the Problems] The present invention according to claim 1 as a means of solving the 
above-said problems relates to a biosensor used to measure a target substance by measuring an electric 
variation caused by biochemical reaction between the target substance in a solution and a biosubstance, 
where said biosensor comprises an insulating substrate; an working electrode laminated on the 
insulating substrate; an identification layer holding said biosubstance and laminated on said working 
electrode; an insulating layer laminated on said insulating substrate (except for the identification layer); 
an opposite electrode laminated on the insulating layer to be used to measure an electric variation 
between the opposite electrode and said working electrode; and a measuring chamber formed in such a 
way that part of said insulating layer is removed so that said target solution can be stored and said 
identification layer and said opposite electrode can be immersed in the stored target solution. 

[0010] The present invention according to claim 2 relates to a method of producing a biosensor used for 
measuring a target substance by measuring an electric variation caused by biochemical reaction between 
the target substance in a solution and a biosubstance, where said method comprises a process to form an 
insulating substrate; a process to accumulate a working electrode on the insulating substrate; a process to 
form an insulating layer on the insulating substrate and the working electrode; a process to form an 
opposite electrode on the insulating layer in order to measure an electric variation between the opposite 
electrode and said working electrode; a process to form a measuring chamber by removing part of the 
insulating layer in such a way that said target solution can be stored and the working electrode can be 
exposed; and a process to accumulate an identification layer holding a biosubstance on the working 
electrode exposed in the measuring chamber. 

[0011] 

[Action] In the invention according to claim 1, the identification layer located at the bottom of the 
measuring chamber is immersed in a target solution when the measuring chamber is filled with the 
target solution. The target substance in the solution reacts with a biosubstance held in the identification 
layer and generates oxygen or hydrogen peroxide. Because of the generation of oxygen or hydrogen 
peroxide, redox reaction occurs on the working electrode. As a result, current flows between the working 
electrode and the opposite electrode. Based on this current, the target substance in the solution is 
measured. 

[0012] In the present invention, the identification layer is laminated on the working electrode located at 
the bottom of the measuring chamber. The identification layer can be formed in a fixed thickness with a 
wide area and little unevenness, because it is formed by accumulating in a partitioned space at the 
bottom of a measuring chamber. Since the unevenness of the thickness of the identification layer can be 
reduced, it is possible to form a working electrode and an opposite electrode at a small interval by 
inserting an insulating layer in between the working electrode and the opposite electrode, maintaining a 
fixed interval between them and avoiding contacting the identification layer with the opposite electrode. 
Thus, the interval between the working electrode and the opposite electrode can be reduced. As a result, 
we can shorten an electric line of the electric double formed between both electrodes. Accordingly, it is 
possible to converge the initial current within a short period, which leads to shortening a measuring time 
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of a target substance. Furthermore, in the present invention, the measuring chamber is filled with a 
target substance for measurement. Therefore, there is no possibility for the target solution to leak from 
the measuring chamber, and accurate measurement is possible with a small amount of the target 
solution. 

[0013] In the present invention according to claim 2, the insulating substrate and the insulating layer are 
laminated, and the measuring chamber is formed by removing part of the insulating layer in such a way 
as to expose the working electrode. Hence, the constitution according to claim 1 can be accomplished by 
such simple processes. 

[0014] 

[Working Example] We explain below a working example of the present invention in order to further 
clarify the abovementioned constitution and action. 

[0015] Figure 1 shows a top view of the sensitivity station of a biosensor. Figure 2 shows a sectional view 
of figure 1 along with the II-II line. The sensitivity station 1 of a biosensor comprises an insulating 
substrate 3, a working electrode 5 formed on the insulating substrate 3, an identification layer 7 holding 
said biosubstance and laminated on said working electrode 5, an insulating layer 11 with a window 9 
formed on the insulating substrate 3, and an opposite electrode 15 with an aperture 13 formed on the 
insulating layer. 

[0016] The space formed by the side wall 9a of said window 9 and the top side of the identification 7 is a 
measuring chamber 21 used for storing a target solution that immerses said identification layer 7. 

[0017] Said identification layer 7 is a layer of gel material holding a biosubstance that biochemically 
reacts with a target substance in a solution. The identification layer is, for example, a layer formed by 
drying and sohdifying glucose oxidase solated with cellulose. Said working electrode 5 and opposite 
electrode 15 comprise sensing stations 5a and 15a placed on the lower and upper sides of the measuring 
chamber 21 respectively, terminals 5b and 15b for connection, and wiring sections 5c and 15c connecting 
the sensing stations 5a and 15a with the terminals 5b and 15b, respectively. The terminals 5b and 15b of 
said working electrode and opposite electrode, respectively, are connected with each electric measuring 
section (not shown in the figure). The current value between terminals 5b and 15b should be found at said 
electric measuring sections in order to measure the target substance. 

[0018] Next, we explain a method of measurement using said biosensor. The sensitivity station 1 of the 
biosensor should be immersed in a target solution, and then a fixed voltage be applied between the 
working electrode and the opposite electrode. The target substance in a solution reacts with a 
biosubstance in the identification layer 7 biochemically. This reaction triggers the flow of current, based 
on which the measurement of the target substance is possible. 

[0019] Next, we explain a process of producing said biosensor, 
(l) A process of producing the insulating substrate 3 (figure 3 (A)) 

First, the insulating substrate 3 is made. A process of making the insulating substrate 3 may include a 
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method of cutting out a plate made of glass, resin, or their composite material or a method of calcinating 
ceramic greensheet. 

[0020] (2) A process of forming the working electrode 5 (figure 3 (B)) 

The working electrode 5 is made on the insulating substrate 3. A process of making the working electrode 
5 may include common knowledge in the art such as thick film printing, vapor deposition, and spattering 
methods. Material for the working electrode 5 may include gold, platinum, silver, titanium, and their 
alloy. 

[0021] (3) A process of forming the insulating layer 11 (figure 3 (C)) 

The insulating layer 11 is laminated on the insulating substrate 3 and the working electrode 5. A process 
of making the insulating layer 11 may include a method of forming plates made of insulating material 
and gluing them together, a method of forming layers by applying melted resin of a fixed thickness, and a 
method of laminating insulating material of a fixed thickness using a vapor deposition method. Material 
for the insulating layer 11 may include glass, ceramics, resin, and their composite material. 

[0022] (4) A process of forming the opposite electrode 15 (figure 3 (D)) 

The opposite electrode 15 is made on the insulating layer 11. A process of making the opposite electrode 
15 may include, as in the case of making the working electrode 5, thick film printing, vapor deposition, 
and spattering methods. The shape of the aperture 13 of the opposite electrode 15 may include, in 
addition to a square as shown in figure 1, a circle, a polygon, a slit, and a lattice. Material for the opposite 
electrode 15 may include gold, platinum, palladium, cupper, iron, silver, titanium, aluminum, zinc, nickel, 
tin, and their alloy. 

[0023] (5) A process of forming the measuring chamber 21 (figure 3 (E)) 

The measuring chamber 21 is made by removing part of the insulating layer 11 in such a way as to expose 
the working electrode 15 through the aperture 13 of the opposite electrode 15. A process of making the 
measuring chamber 21 may include a method of etching a mask formed by a photoresisting method. A 
process of making the measuring chamber 21 may also include a method of forming the insulating layer 
11 with a window 9 first and then laminate it on the insulating substrate 3 in such a way that said 
window 9 becomes the measuring chamber 21. 

[0024] 

It is desirable, as shown in figure 2, that the sidewall 9a of the measuring chamber 21 has a shape of 
extending toward the inner part from the aperture 13. In other words, it is desirable to etch the 
insulating layer 11 in such a way that the section around the aperture 13 of the opposite electrode 15 
overhangs. An interval between the edge of the aperture 13 and the sidewall 9a should be as long as 
possible, as far as the opposite electrode 15 can be supported by the insulating layer 11 and the opposite 
electrode 15 can stay on the opposite side of the working electrode 5 through the measuring chamber 21. 
In this manner, the measuring chamber 21, in which the opposite electrode 15 and the working electrode 
5 face with each other in parallel, becomes wide, and an electric line of the electric double formed by the 
opposite electrode 15 and the working electrode 5 becomes short and perpendicular to both surfaces of the 
opposite electrode 15 and the working electrode 5. As a result, time ti needed for converging the initial 
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current A becomes short (See figure 5). 

[0025] (6) A process of forming the identification layer 7 

After the measuring chamber 21 is formed, the identification layer 7 is made on the working electrode 5. 
The identification layer 7 is to hold a biosubstance that generates oxygen or hydrogen peroxide by 
biochemically reacting with a target substance. A process of having the identification layer 7 hold a 
biosubstance may use a method that is common knowledge in the art including a method of containing a 
biosubstance in a macromolecular matrix, a method of solidifying a biosubstance using a substance that 
makes a covalent bond with the biosubstance, and a method of adsorbing a biosubstance in an insoluble 
membrane. Since it is to be made at the bottom of the measuring chamber 21, the identification layer 7 
can be formed by making a solated high polymer holding a biosubstance first and then adding this 
polymer to the sensing station 5a of the working electrode 5 drop wise. On top of a variety of enzymes, a 
biosubstance could be a microbe that makes it possible to measure a corresponding target substance. 

[0026] In the abovementioned working example, the identification layer 7 is laminated on the working 
electrode 5 placed at the bottom of the measuring chamber 21. The identification layer 7 can be formed in 
a fixed thickness with a wide area and little unevenness, because it is formed by accumulating in a 
partitioned space at the bottom of the measuring chamber 21. Since the unevenness of the thickness of 
the identification layer 7 can be reduced, it is possible to form a working electrode 5 and an opposite 
electrode 15 at a small interval by inserting an insulating layer 11 in between the working electrode 5 and 
the opposite electrode 15, maintaining a fixed interval between them and avoiding contacting the 
identification layer 7 with the opposite electrode 15. Thus, the interval between the working electrode 5 
and the opposite electrode 15 can be reduced, which leads to reducing electric resistance between both 
electrodes. Moreover, since the ratio of the interval between both electrodes to the area of the working 
electrode 5 becomes small, the equipotential surface is formed running parallel to the working electrode. 
As a result, we can shorten an electric line of the electric double formed between both electrodes. 
Accordingly, it is possible to converge the initial current within a short period, which leads to shortening a 
measuring time of a target substance. 

[0027] Shortening of time needed for converging the initial current as explained above makes the initial 
current value small after a fixed period, and therefore the S/N ratio is improved for the current value 
resulted from actual reaction. Accordingly, accurate measurement becomes possible. Furthermore, in the 
present invention, the measuring chamber is filled with a target substance for measurement. Therefore, 
accurate measurement is possible with a small amount of the target solution. 

[0028] 

[Experimental Example] We applied the biosensor of the above-said working example to a glucose sensor 
to measure glucose. The sensitivity station 1 of the biosensor was made by the following steps. First, cut a 
glass plate manufactured by Corning Incorporated (trade name' 7059) into a size of 50mm in length x 
50mm in width x 0.5mm in thickness as the insulating substrate 3. Next, make the working electrode 5 
by forming a mask using a photoresisting method first and then vapor depositing 0.3 il m in thickness of 
platinum on the unmasked part of the insulating substrate 3. The size of the sensing station 5a of the 
working electrode 5 was 2mm in length x 2mm in width. Form the insulating layer 11 by applying 3jz m 
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in thickness of polyimide resin manufactured by TORAY (trade name: Photonis) to the insulating 
substrate 3. Make 0.5 /i m in thickness of the opposite electrode 15 on the insulating layer 11 using a 
vapor deposition method in such a way that the aperture 13 can be made. Form a mask on the opposite 
electrode 15 and the insulating layer 11 using a photoresisting method, followed by forming the 
measuring chamber 21 by etching part of the insulating layer 11 through the unmasked aperture 13 of 
the opposite electrode 15. Solate glucose oxidase by dissolving it in albumin. Finally, add this solated 
substance dropwise and dry it in order to make the identification layer 7. 

[0029] We measured glucose by connecting the sensitivity station 1 of the biosensor produced by a series 
of the abovementioned processes to the electric measuring section. First, we prepared a sample solution 
by adding 50mg of glucose to a buffer solution (0.1M phosphate buffer) at 27^. Next, we applied a fixed 
voltage (0.9V) between the working electrode 5 and the opposite electrode 15 of the sensitivity station 1 of 
the biosensor and then immersed the sensitivity station 1 in the sample solution. 

[0030] It took 5 seconds, shorter than 30 seconds necessary for a traditional plate-type biosensor, before 
the initial current converged and its influence came to nothing. The time for measurement was 15 
seconds, which was 15 seconds shorter than is necessary for a traditional biosensor. 

[0031] The present invention is not limited to the abovementioned working example, but can possibly be 
used in a wide range of applications as far as they are within the scope of the present invention. To take 
just one example, the following variation is also possible. 

[0032] If the aperture 13 of the opposite electrode 15 is small in the abovementioned working example, it 
may be difficult to fill a target solution in the measuring chamber 21. To solve this problem, such a 
hydrophilic polymer as polyvinyl acetate can be applied around the aperture 13. As a result, the wetting 
problem is improved and a target solution can surely be filled in the measuring chamber 21. 

[0033] 

[Effects of the Invention] In the present invention according to claim 1, as explained above, the 
identification layer can be formed in a fixed thickness with a wide area and little unevenness, because it 
is formed by accumulating in a partitioned space at the bottom of a measuring chamber. Since the 
unevenness of the thickness of the identification layer can be reduced, it is possible to form a working 
electrode and an opposite electrode at a small interval by inserting an insulating layer in between the 
working electrode and the opposite electrode, maintaining a fixed interval between them and avoiding 
contacting the identification layer with the opposite electrode. Thus, the interval between the working 
electrode and the opposite electrode can be reduced. As a result, we can shorten an electric line of the 
electric double formed between both electrodes. Accordingly, it is possible to converge the initial current 
within a short period, which leads to shortening a measuring time of a target substance. 

[0034] In the present invention, the measuring chamber is filled with a target substance for measurement. 
Therefore, accurate measurement is possible with a small amount of the target solution. 

[0035] Furthermore, in the present invention according to claim 2, the insulating substrate and the 
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insulating layer are laminated, and the measuring chamber is formed by removing part of the insulating 
layer in such a way as to expose the working electrode. Hence, the constitution according to claim 1 can be 
accomplished by the above-said simple processes. 

[Brief Explanation of Drawings] 

[Figure l] A top view of the sensitivity station of a biosensor according to one working example of the 
present invention 

[Figure 2] A sectional view of figure 1 along with the IHI line 

[Figure 3] Drawings explaining the production process of the sensitivity station of a biosensor according 
to the above-said working example 

[Figure 4] A single view drawing showing the sensitivity station of a traditional biosensor 

[Figure 5] A graph to show the relationship between current values and time during the measurement 

using a biosensor 

[Explanation of Reference Numerals] 

I. Sensitivity Station 
3. Insulating Substrate 
5. Working Electrode 
5a. Sensing Station 
5b. Terminal 

5c. Wiring Section 
7. Identification Layer 
9. Window 
9a. Side wall 

II. Insulating Layer 
13. Aperture 

15. Opposite Electrode 
21. Measuring chamber 
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Figure 3 
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Figure 4 
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